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'I  lip  pnrposp  of  this  iiivpslicaiiiin  is  tn  nliliiin  basir  infnrmntioii  on  I  ho  renrlion  of  NiihMlittMrTTfifprMiniilrH 
inn  isnrvmiiilos.  lintilc  isnimidp  pipilliliria  wore  studied  by  ntt  analysis  of  the  thermal  dopimiposiliuti  prixlMn&X 
of  N-alkyl-  fur -aryl-)  \-fortnylacpt  amides,  liclalivc  yields  in  deenrlxinv lat  iuu  (arising  from  imide)  vs.  isoeyanide 
format  ion  (arising  from  isnimide)  in  I  he  pyrolysis  of  N-phenyl-,  N-n-butyl-,  N-wf-Ixityl-,  and  N’-eyeloliexyl-N- 
formvlai  etnmidi's  were  found  to  lie  >!)!>:  <1,  SO:  H,  07:43,  nnd  A  1:40,  respectively.  Nitriles  rather  than  iso- 
ryanides  were  isolated  heeause  of  the  isomerization  which  occurs  at  hinli  temperatures.  It  is  eonduded  that  the 
ipwntities  of  amide  and  nitrile  isolatnl  may  he  the  net  result  of  a  number  of  reactions:  imidc-isoimide  reversible 
rearrangement,  isnimide  a  elimination  (possibly  reversible),  imide  decarbonylation  (irreversiide),  isoeyanide 
nitrile  isomerization  (irreversible),  and  imide  regeneration  from  isoeyanide  anil  acid  through  formamide  and 
acelie  anhydride.  Among  the  imiiles  studied  both  an  eleetronie  nnd  a  sterie  elTerl  appear  In  he  nperatiug. 
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It  has  been  indicated  that  pyrolysis  of  X-alkyl-  (or 
-aryl-)  X-formylamides  gives  isocyanides  because  of  the 
characteristic  odor  which  accompanied  the  reaction.*-* 
Mumtn  detected  an  intensive  odor  of  isoeyanide  in  flic 
decarbonylation  of  X-formylbenzanilidc.  but  he  did 
not  report  isolating  the  product.  Similarly  Wheeler1 
claimed  ‘hat  pyrolysis  of  X-formylstearanilidc  gave 
phenyl  isoeyanide  and  stearic-  acid,  but  he  gave  no  suit- 
porting  details.  Isoeyanide  production  in  these  re¬ 
actions  gives  evidence  of  an  imidc-isoimide  rearrange¬ 
ment  (eq  l).5 
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i  nc  formation  of  lsomudcs  as  transient  intermediates  jn  , 
(which  rearrange  to  the  imide  or  which  yield  products  (() 
logically  derived  from  isoimidc  structures)  is  widely  jsm  for  y 
reported. 6-11  Isoimides  have  been  isolated  when  the  ^cf)  o),  j 

function  is  part  of  a  (ive-membered  ring  which  also  directly  fr< 
contains  a  carbon-carbon  double  bond14  or  when  the 
nitrogen  bears  a  2,4-dinitrophejiyl  group. 14  These 
isoimides  rearrange  via  an  oxygen  to  nitrogen  acyl 
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migration;  when  heated,  however,  the  rearrangement 
observed  for  the  cyclic  ease  may  depend  on  acid  or  base 
catalysis.14 

Mumm  and  eoworkers,5  postulatctl  a  reversible 
imidc-isoimide  rearrangement  to  explain  three  pyroly¬ 
sis  reactions,  (expressing  Mumm’s  specific  examples 
in  genertd  terms  the  reactions  are  pyrolysis  of  acyclic 
imides  to  carboxylic  acids  and  nitriles,  pyrolysis  of  N- 
alkyl-  (or  -aryl-)  X-formylnmidcs  to  carlioxylie  acids  and 
nitriles,  pyrolysis  of  X-alkyl-  (or -aryl-)  X-formylamides 
to  the  N-alkyl-  (or  -aryl-)  amides  and  carbon  monoxide, 
and  the  pyrolysis  of  X-alkyl-  (or  -aryl-)  X-formylamides 
to  isocyanides  and  carboxylic  acids. 

For  the  pyrolysis  of  acyclic  imides,  Sheehan  and 
Corey*  have  written  a  reversible  imide-isoimidc  re¬ 
arrangement  as  a  part  of  the  mechanism  in  agreement 
with  Mumm’s  postulate.  More  extensive  studies  have 
recently  been  explained  by  postulating  a  concerted 
mechanism  which  omits  a  discrete  isoimidc  interme¬ 
diate,  though  the  authors  consider  a  path  through  an 
isoimidc  intermediate  as  a  possible  limiting  case.1* 

In  the  pyrolysis  of  N-alkyl-  (or  -aryl-)  X-formylamides 
to  X-alkyl-  (or  -aryl-)  amides,  a  decarbonylation  mecha¬ 
nism  for  Mumm’s  postulated  isoimidc5,1  can  be  written 
(cq  2).  However,  decarbonylation  could  also  occur 
directly  from  the  imide  (eq  R). 
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For  the  pyrolysis  of  X-alkyl-  (or  -ary!-)  N-formyl- 
amides  lo  isocyanides,  a  mechanism  is  dillictilt  to  writo 
unless  prior  rearrangement  to  an  isoimidc  occurs.  The 
isoimidc  can  then  undergo  an  a  elimination  (cq  1). 
The  existence  of  this  pyrolysis  reaction  gives  the  best 
evidence  for  a  reversible  imide-isoimidc  equilibrium 

(18)  W.  8.  nurr.lt,  J.  A.  Voun*.  .nil  R.  I).  Draulner.  J.  Org.  CA.pn.,  X, 
831  (1083). 
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ftt  high  temperatures.  In  order  to  investigate  Mumm’s 
postulated  equilibrium,7,3  to  determine  quantitatively 
the  relative  importance  of  decarbonylation  vs.  iso¬ 
cyanide  formation  ns  pyrolysis  pathways,  and  to  in¬ 
vestigate  the  formation  of  isocyanides  from  substituted 
formamides,  we  studied  the  pyrolysis  of  N-phenyl-, 
N-n-butyl-,  N-see-butyl-,  and  N-cyclohexyl-N-formyl- 
acetamides. 


Results  and  Discussion 

Starting  materials  were  synthesized  by  ncetylating 
the  appropriate  formamide  derivative  with  acetyl 
chloride.  The  N-formylnectamidcs  were  pyrolyzed  by 
passing  them  through  copper  or  glass  tubes  at  400°. 
Experimental  results  are  summarized  in  Tables  I  and 
II. 


Taiile  I 

Products  Oiitained  in  the  Pyrolysis 
OF  N-SimSTITl'TBI)  N-Fohmylacetamides 
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Taiile  II 

Hklativb  Heaction  Paths  in  the  Pyrolysis 
ok  N-Suiistitute!)  N-Fohmylacetamides 
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Additional  experiments  were. performed  in  conjunc¬ 
tion  with  the  N-(n-butyl)-N-formylacetamidc  pyroly¬ 
sis  reactions  and  included  a  variety  of  scaled-tube  re¬ 
actions  (eq  4-S). 

3R0® 

»-C,ll,NllCHO  - - ►  no  reaction  (4) 

30  min 

:mr.° 

ff-C<IT9NC!iO - ► 

I  30  min 

f'OCI!, 

n-C.IUNIICOCII,  +  high  pressure  (CO)  (5) 

wmi) 

32  S* 

n-C,H,NC  +  CttjCOOII - ► 

30  min 

n-CjHoNlICOCII,  +  n-C,II»CN  +  n-CJI.NMCHO  (6) 
(80%)  (10%)  (10%) 

310® 

n-C.IUNC - >-11-0,11, CN  (7) 

t.lmin  (|()0%) 

350° 

n-CJfyNIlCHO  +  (ClfjC())20 - > 

30  min 

n-C,tl,NIICOCH,  +  ClliCOOIt  +  high  pressure  (CO)  (8) 

(50%)  (50%) 

If  the  reaction  represented  in  eq  5  is  not  allowed  to 
proceed  to  completion,  then  the  odor  of  isocyanidc  is 
detectable  upon  opening  the  tube. 


General  Considerations. — The  results  arc  conve¬ 
niently  discussed  in  terms  of  Scheme  I.  Although 
the  experimental  information  required  to  fulfill  the 
necessary  conditions  for  unimolccular  reaction  mech¬ 
anisms17  has  not  been  determined,  wc  postulate  that 
the  imide  decarbonylation  and  the  isoimido  a  elimina¬ 
tion  (isocyanidc-acid  formation)  reactions  arc  uni- 
molecular.  The  agreement  within  experimental  error 
of  the  results  for  pyrolysis  of  the  n-butyl  derivative  in 
both  the  copper  and  glass  tube  supports  the  conclusion 
that  the  reactions  whose  rates  determine  the  product 
ratios  are  homogeneous. 

A  mechanism  for  the  formation  of  nitrile  and  carbox¬ 
ylic  acid  from  the  imide  is  difficult  to  conceive  without 
the  isoimidc  a  elimination  and  the  isocyanide  isomeriza¬ 
tion.  The  four-centered  cyclic  transition  state  for  the 
reversible  imide-isoimidc  equilibrium  (Scheme  I)  is 
that  proposed  by  Curtin  and  Miller15  for  the  isoimidc- 
imide  rearrangement.. 

The  quantities  of  amide  and  nitrile  isolated  may  be 
the  net  result  of  a  number  of  possible  reactions:  imide- 
isoimidc  reversible  rearrangement,  isoimidc  a  elimina¬ 
tion  (possibly  reversible),  imide  decarbonylation  (ir¬ 
reversible),  isocyanide-nit  rile  isomerization  (irrevers¬ 
ible),  and  imide  regeneration  from  formamide  and 
acetic  anhydride  (formed  from  isocyanide  and  acid). 
Though  all  these  rales  and  their  dependence  upon  the 
R  group  is  not  known,  an  explanation  of  the  general 
features  of  the  R-group  influence  upon  reaction  path¬ 
way  can  be  proposed  which  seems  logical  in  view  of  al¬ 
ready  determined  isocyanidc  isomerization  rates18-70 
and  the  electronic  and  steric  effects  of  the  R  groups. 

Isocyanide  Isomerization. — The  thermal  unimolec- 
ular  isomerization  of  isocyanides  to  nitriles  explains 
the  presence  of  the  nitriles  as  the  products  of  the 
pyrolysis.18-70  Several  of  the  isoevanides  in  this  study 
were  so  completely  isomerized  under  the  exact  condi¬ 
tions  of  imide  pyrolysis  that,  their  odor  was  barely 
detectable  in  the  nitrile  product.  Furthermore*,  isom¬ 
erization  rate  constants  can  be  estimated  for  the  iso¬ 
cyanides  by  using  the  Arrhenius  parameters  for 
methyl  isocyanidc  reported  by  Schneider  and  Rabino- 
viteli18  and  the  influence  of  the  nitrogen  substituent  on 
the  isomerization  rate  reported  by  Casanova,  cl  al.-° 
Thus  an  estimated  lower  limit  is  k  =  5  sec-1,  a  number 
sufficiently  large  to  explain  the  exclusive  formation  of 
nitrile. 

Koblmaier1*  and  Rabinovitch  determined  the  p- 
tolyl  isocyanidc  gas  phase  isomerization  rate  to  be 
75  X  10-5  see-1  at  200°,  Casanova,  cl  al. ,70  showed 
phenyl  isocyanidc  isomerization  rates  in  diglyme  to  be 
only  slightly  dependent,  upon  a  para  substituent,  sug¬ 
gesting  that  the  gas  phase  isomerization  rate  of  phenyl 
isocyanide  is  probably  very  similar  to  that  of  p-tolyl 
isocyanidc.  They  determined  the  ethyl  and  sec- 
butyl  isocyanidc  gas  phase  isomerization  rates  to  be 
10.4  X  10-5  and  3.45  X  10-J  see-1,  respectively,  at 
200°.  Thus  comparison  of  gas  phase  isomerization 
constants  gives  this  order:  phenyl  >  a-alkyl  >  sre- 
alkyl.  It  is  interesting  to  note  that  the  rate  of  nitrile 

(17)  A.  M  nor  of  I.  .-l»/ran.  Org.  Chrm.,  3,  IMi  (lUG/i). 

(18)  F,  W.  Hchnoitlcr  and  11.  S.  Hnl’inovitrh,  J.  \  mrr.  Chrm.  Six'.,  84,  1215 
(1IM2). 

<  10)  Cl.  Kohlnmior  *n«l  M.  H.  Kalnnovttrh,  J.  I'hy*.  Chrm.,  13,  171*3  (1() All). 
(20)  .1.  Casanova,  Jr..  N.  I).  Werner,  ntn!  II.  K.  Hrhiuter.  Org.  Chrm. 
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Scheme  I 

Consequences  op  the  Imide-Isoimide  Rearrangement 
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formation  relative  to  the  rate  of  decarbonylation  is 
sec-alkyl  >  n-alky  >  phenyl  for  imide  pyrolysis,  which 
is  achieved  in  spite  of  the  order  of  isocyanide  isomeriza¬ 
tion  rates.  One  might  have  expected  a  greater  con¬ 
tribution  from  isoeyanidc  chemical  reactions  in  the  case 
of  the  compounds  which  isomcrize  at  lower  rates. 

isocyanide  Chemical  Reactions.— Isomerization  to 
nitrile  may  not  be  the  only  reaction  of  the  isocyanide 
formed.  Isoeyanidc  and  acid  may  revert  into  imide  if 
the  a  elimination  is  n  reversible  reaction  or  if  a  second 
pathway  through  formamide  and  acetic  anhydride’1  is 
operative  (cq  9).  Sealed-tube  reactions  (eq  0  and  8) 

R— N— C  +  2CH.COOH  — ►  RNHCHO  +  (CH,CO),0  (9) 

|  —  CHiCOOlI 
COCK, 

R— ^ 

^CHO 

show  that  these  reaction  sequences  are  possible  and 
conceivably  could  be  present  in  the  flow  method  pyroly¬ 
sis.  If  imide  originally  decomposing  to  isocyanide  and 
acid  does  re-form  and  decarbonylate,  then  the  amount 
of  nitrile  isolated  would  be  less  than  the  case  if  the  iao- 
cyanidc  reaction  was  exclusively  isomerization. 

Isocyanide  isomerization  may  not  compete  favor¬ 
ably  with  the  reaction  of  isocyanide  and  acid  in  the 
scaled-tube  experiments.  Thus,  the  higher  pressures 
obtained  by  pyrolysis  in  a  sealed  tube  may  so  enhance 
the  re-formation  of  imide  that  decarbonylation  is  the 
only  net  reaction  observed  (note  eq  5).  Heating  the 
imide  to  temperatures  near  its  boiling  point  at  atmo¬ 
spheric  pressure  gave  a  gas-evolving,  isocyanide-smell¬ 
ing,  rapidly  darkening  solution.  Knowledge  of  the 
reactions  possible  for  a  solution  of  the  parent  imide,  its 
corresponding  amide  and  formamide,  isocyanide,  ni¬ 
trile,  acetic  acid,  and  acetic  anhydride  between  100 
and  200°  discouraged  further  investigation. 

Electronic  Effects. — An  electronic  effect  seems  best 
able  to  explain  the  near  absence  of  nitrile  in  the  pyroly¬ 
sis  of  the  phenyl-substituted  imide.  The  electron 
density  of  the  nitrogen  ^tom  can  affect  the  imide’s 
ability  to  achieve  the  transition  state  shown  in  Scheme 
I..  For  the  phenyl  imide,  the  nitrogen  electron  density 

(21)  A.  Gautier,  Ann.  Chim.  Phy»„  IT,  224  (1800). 


is  significantly  decreased  by  electron  delocalization  into 
the  benzene  ring  (structure  A).  This  is  in  comparison 


alkyl 


A  B 

to  the  alkyl-substituted  imides  in  which  the  nitrogen 
electron  density  (as  well  as  the  ability-  of  the  imide  to 
achieve  the  transition  state  for  isomerization  to  iso- 
imide)  is  increased  by  an  inductive  effect  (structure  B). 
We  suggest  that  these  electronic  effects  are  responsible 
for  the  higher  amide/nitrile  ratio  for  the  phenyl  imide 
compared  with  those  for  the  alkyl  imides. 

The  same  argument  now  based  on  the  relative  in¬ 
ductive  effects  of  primary  vs.  secondary  alkyl  groups 
may  contribute  to  the  increase  of  nitrile  yield  in  going 
from  n-butyl  to  sec-butyl  and  cyclohexyl.  However, 
steric  considerations  may  also  be  important. 

Steric  Effects. — The  rotational  barrier  of  the  amide 
bond”  leads  to  three  possible  conformcrs  for  an  imide. 


;c— o 


Dipole  moment  data  support  assignment  of  con¬ 
formation  D  to  N-methyldiformamide,  diacetamide, 
and  N-methyldiacetamide.M  Though  not  determined, 
it  is  likely  that  the  D  conformation  (I  or  II)  can  also  be 
assigned  to  the  imides  of  this  study.  Monosubstituted 


(32)  J.  A.  Pop!*,  W.  Q.  Schneider,  and  II.  J.  Berneteln,  "lilgh-Raaolutton 
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N.  Y„  IBM,  p  366. 
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formnmidos  arc  predominantly  Irons  and  show  a  small 
trend  toward  the  vis  eonformcr  with  increasingly 
bulky  substituents.14  In  unsymmetrieal  disuhstituted 
formamides,  the  formyl  hydrogen  is  cis  to  the  bulkier 
substituent.5* 

Though  the  amide  bond  will  no  longer  show  cis- 
trons  isomerism  at  the  temperature  of  this  pyrolysis,5* 
the  sterie  considerations  can  still  be  used  to  deduce  the 
trend  of  conformation  with  the  It  group.  Thus  as  one 
goes  from  a  primary  to  secondary  alkyl  group,  the 
trend  will  be  toward  a  conformation  I-D-like  character 
even  though  rotation  may  occur.  This  is  precisely  the 
trend  in  conformation  favorable  for  producing  a  trend 
toward  rearrangement  to  an  isoimidc. 

Isoacetimide  Intermediates. — As  mentioned  pre¬ 
viously,  a  unimolecular  mechanism  for  decarbonylation 
can  be  written  from  either  an  isoimidc  (eq  2)  or  an 
imide  (cq  3).  As  the  trend  in  nitrile/amide  ratio 
agrees  with  factors  favoring  isoformimidc  formation, 
rearrangement  to  isoformimidc  appears  to  be  the  rate- 
determining  step  for  degradation  to  nitrile  and  acid, 
lii  view  of  this  it  is  tempting  to  try  to  exclude  the  pos¬ 
sibility  of  an  isoacetimide  in  the  decarbonylation 
mechanism  (eq  10)  by  using  an  argument  based  on 


CH,C — 0 — CH  — ►  decarbonylation  (10) 

inherent  electronic  or  sterie  properties  of  a  specific 
imide.  For  example,  for  the  phenyl  imide,  the  nitrile/ 
amide  ratio  was  much  smaller  than  for  alkyl  imides 
because  the  lower  electron  density  on  nitrogen  is  un¬ 
favorable  for  rearrangement  to  the  isoformimide. 
One  would  thus  expect  rearrangement  to  the  isoacet- 
imidc.  Because  decarbonylation  is  rapid  in  comparison 
to  nitrile  formation,  one  is  tempted  also  to  exclude  iso- 
aectimidc  as  a  decarbonylation  intermediate  in  favor  of 
the  alternative  mechansim  involving  imide. 

Experimental  Section57 

The  pyrolysis  apparatus  was  a  gas  chromatograph  equipped 
with  a  0  ft  X  0.25  in.  copper  or  glass  tube  in  place  of  the  usual 
column.  Sufficient  pyrolysis  products  were  then  obtained  by 
multiple  injection  of  reactant  using  a  helium  carrier  gas  flow  rate 
of  GO  ml/rnin  and  an  oven  temperature  of  400°.  The  time  of 
passage  through  the  tube  varied  between  2  and  25  sec.  The 
combined  products  were  collected  at  ice-water  temperature  and 
separated  by  preparative  glpc  20  ft  X  */•  in-  column,  30%  SE-30 
or.  «/«,  Chromosorb  W).  The  identity  of  each  peak  was  de- 


(24)  I,.  A.  LsPlanctiesndM.T.  Roger., /.A  88,337  (1984) 

(23)  L.  A.  UPUnche  and  M.  T.  Roger.,  ibirt.,  II,  3728  (1983). 

(28)  It.  C.  Neuman,  Jr.,  and  L.  B.  Young.  J.  Phy>.  Cbem.,  It,  2570  (1985). 
(27)  Infrared  epectra  of  N-(n-butyl)-N-formylacetamlde  and  N-eyelo- 
heryl-N-formylacetamlde  were  obtained  by  Dr.  R.  A.  Mac  jay,  Edgewood 
Arsenal,  from  neat  liquids  between  KRS-5  platee  using  a  Perkio-Etmer 
Model  521  apectrophotometer.  A  atudy  of  the  effect  of  metal  Ion  eomplesa- 
tion  on  the  carbonyl  stretching  frequencies  of  these  imtdes  will  be  published 
Ister.  Other  Ir  data  reported  in  the  present  paper  were  obtained  using  a 
Beckman  IR-5A  apectrophotometer.  Boiling  points  are  uncorreeted. 
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ter,.  Inetl  by  comparison  of  ils  retention  timo  and  ir  spectrum 
with  those  of  an  authentic  sample.  Quantitative  analyses  wero 
obtained  with  an  estimated  uncertainty  of  3%  by  measuring  peak 
areas  using  a  Disc  integrator.  1 

The  scaled-lube  reactions  were  performed  tising  10-inm  lienvy- 
wallctl  glass  tubing.  In  a  typical  run,  0.10  ml  of  reactant  was 
degassed  and  the  tube  was  sealed  under  vacuum.  After  the 
appropriate  length  of  time  in  the  oven  (sec  eq  4-8)  the  lube  com¬ 
ponents  were  separated  by  preparative  glpc.  Product  identifica¬ 
tion  was  based  on  glpc  retention  times  and  comparison  of  ir 
spectra  with  those  of  authentic  samples. 

N-Formylacetanilide. — Formanilide  (24.2  g,  0.20  mol)  was 
dissolved  in  250  ml  of  methylene  chloride  and  cooled  in  ice.  Pyri¬ 
dine  (31.7  g,  0.40  mol)  and  acetyl  chloride  (31 .4  g,  0.40  mol)  were 
added,  and  the  mixture  was  stirred  at  room  temperature  for  1  hr. 
The  mixture  was  then  extracted  twice  with  100-mi  and  once  with 
50-ml  portions  of  water.  The  methylene  chloride  solution  was 
dried  (NnPSOt)  overnight,  stripped  with  a  rotary  evaporator, 
and  distilled  with  a  spinning-band  column  giving  2G.0  g  (30%) 
of  the  imide:  bp  31-82°  (0.035  mm)  [lit.*  bp  157-153°  (23  mm)] . 
The  product  was  rccrvstallizcd  from  cllicr-ligroin:  softens  at  53°; 
mp  55°  (lit.4  nip  SO*):  ir  (01101,)  5..H<1  and  5.30  M  (C  -O). 

N-(n-Butyl)-N-formylacetamlde. — N-Mutylforinamide  (20.2  g, 
0.20  mol)  nnd  acetyl  chloride  (G2.7  g,  0.30  mol)  were  mixed 
and  stirred  at  reflux  for  5  hr,  while  protected  from  moisture. 
After  the  renetion  solution  stood  at  nsun  temperature  for  30  hr, 
the  acetyl  chloride  was  strip|Hxl  oft  with  a  rotary  evaporator. 
The  residue  was  distilled  through  a  spintiing-bmid  column  giving 
10.2  g  (07%)  of  the  imide:  bp  74.5-75.5°  (0.70-0.75  min); 
n**i>  1.4513;  ir  (neat)  1720  and  1(170  cm-1  (C— ()). 

Anal.  Calcd  for  C,H„N<>,:  C,  53.72;  H,  0.15;  N,  0.73. 
Found:  C,  53.0;  II,  0.3;  N,  0.7. 

Reduction  of  N-(n-Butyl)-N-formylacetamide. — To  snlistnn- 
tiatc  Hint  reaction  of  acetyl  chloride  with  N-moiiosulist jtuted 
formamide  leads  to  imide  rather  than  isoimidc,  N-(n-butyl)-N- 
formylneetamide  was  reduced  with  lithium  aluminum  livdrido 
in  THF  to  n-butyl-,  ethyl-,  nr  mcthylaiiiiue.  The  product 
was  purified  by  vpc  (30%)  a. id  then  was  alkylated  with  n-hutyl 
iodide  to  give  di(n-butyl)cthylmcthylammnniiiiii  halide  (77%): 
mp  178-170°  (lit.*  mp  170-173°)  (rccrystallized  from  KtOAc). 

N-(scc-Butyl)-N-formyiacetamide. — arr-Hiitylfornmmidc  (20.3 
g,  0.20  mol)  was  dissolved  in  2tX)  ml  of  methylene  chloride  and 
pyridine  (23.7  g.  0.30  mol).  The  solution  wnrmcd  and  turned 
yellow  upon  Che  start  of  acetyl  chloride  addition.  The  solution 
was  then  cooled  in  i-c;  a  white  salt  formed  when  the  acetyl 
chloride  addition  (17.3  g,  0.22  mol)  was  completed.  The  mixture 
was  stirred  at  room  temperature;  nil  additional  10  ml  of  acetyl 
chloride  and  5  ml  of  pyridine  were  added  since  glpc  showed  an 
incomplete  reaction.  The  white  salt  was  again  filtered  off,  nnd 
tho  solution  wns  concentrated.  More  whit',  salt  formed  ami  was 
filtered  off.  The  residue  was  vacuum  distilled  to  give  22.2  g 
(77%)  of  imide:  bp  53.5°  (0.10  mm).  The  product  was  slightly 
impure  by  glpc  and  was  purified  by  preparative  glpc:  n” d 
1.4517;  ir  (CHClj)  5.08  and  5.80  p  sli  (0=0). 

Anal.  Calcd  for  CilIi.NO,:  C,  58.72;  II,  0.15;  N,  0.78. 
Found;  C,  58.5;  II,  0.3;  N,  0.0. 

N-Cydohexyl-N-formylacetamlde, — Cyclolioxylforinamide 
(25.5  g,  0.20  mol)  was  dissolved  in  250  ml  of  methylene  chloride 
and  pyridine  (31 .7  g,  0.40  mol).  Acetyl  chtorido  (31 .4  g,  0.40  mol) 
was  slowly  added  with  ice  cooling.  A  white  salt  formed  immedi¬ 
ately.  The  mixture  turned  light  yellow  and  was  allowed  to 
stand  for  1  hr.  The  mixture  was  poured  into  a  separatory  funnel 
and  was  washed  three  times  each  with  100  ml  of  water.  The 
methylene  chloride  solution  was  dried  (Na,.SO<),  concentrated, 
and  distilled  through  a  spinning-band  column  giving  23.2  g 
(68%)  of  imide:  bp  74-75°  (0.20  mm);  n,4u  1.4872;  ir  (neat) 
1720  and  1072  cm"1  (0=0). 

Anal.  Calcd  for  C,Hi, NO,;  C,  63.88;  II,  8.04;  N,  8.28. 
Found:  C,  63.8;  H,  9.0;  N,  8.3. 

Pyrolysis  of  N-Formylacetanilide. — Tho  imide  was  injected 
in  48-pl  aliquots.  White  crystals,  mp  109-113°,  formed  in  the 
collector  bottle  without  purification  (acctanilido  mp  113-115°). 
Tho  collector  bottle  was  washed  with  a  small  nmount  of  CIIC1>. 
An  ir  spectrum  of  the  CHC1,  solution  was  identical  with  that  of 
acetanilide  except  for  a  small  peak  at  4.48  p,  identical  with  that 
of  benzonitrile.  Glpc  of  the  CIICI,  solution  gave  a  small  peak 
with  a  retention  time  identical  with  that  of  benzonitrile,  and  a 
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very  large  peak  with  a  retention  time  identical  with  that  of  acet¬ 
anilide. 

Pyrolysis  of  N-(rr -Butyl )-N-formylacetamide.  Copper  Tube. — 
The  imidc  (228  mg,  1.30  mmol)  was  injected  in  50-jiI  aliquots. 
The  products  (INC  mg)  were  collected  in  ico  and  analyzed  by 
glpc.  Product  weight  correcte<l  for  carbon  monoxide  loss  from 
85%  of  the  starting  materia!  was  224  mg. 

Glass  Tube.— The  imide  (228  mg,  1.59  mmol)  was  injected  in 
50-jil  aliquots.  Tlie  products  (195.5  mg)  wCre  collected  in  ice 
and  analyzed  by  glpc.  Product  weight  corrected  for  carbon 
monoxide  loss  from  85%  of  the  starting  material  was  234  mg. 

Pyrolysis  of  N-(»cc-Butyl)-N-formylacetamlde. — The  imide 
(401  mg,  3.22  mmol)  was  injected  in  45-gl  aliquots.  The  products 
(433  mg)  were  collected  in  iee  and  analyzed  by  glpc.  The 
product  weight  corrected  for  carbon  monoxide  loss  with  33% 
unreacted  starting  material  and  57%  of  the  reacted  imide  de- 
carbonylating  was  407  mg. 
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Pyrolysis  of  N-Cyelohezyl-N-formylacetamlde.— The  imide 
(980  mg,  5.80  mmol)  was  injected  in  45-gl  aliquots.  The  products 
(802  mg)  were  collected  in  ice  and  analyzed  by  glpc.  The  weight 
corrected  for  carbon  monoxide  loss  with  8%  unreacted  starting 
material  and  51%  of  the  reacted  imide  decarbonylating  was  880 
mg. 

Registry  No. — N  -  (»  -  Butyl)  -  N  -  formylacetamide, 
17604-86-3;  N-(aec-buty l)-N-f ormy lacetamide,  17604- 
87-4;  N-cyclohexyl-N-formylacetamide,  17604-88-5. 
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